We identified more than 30 studies on the association between exposure. to maternal tobacco smoke during pregnancy and cancer in childhood. We 
Further studies are. needed to confirm the hypothesis that parental tobacco smoke, from the father in particular, is a risk factor of ildhood cancer. Results on the risk of lung cancer in adulthood and childhood passive smoking exposure are available from 1 1 studies: they do not provide evi- dence of an increased risk (summary RR 0.91; CI, 0.80-1.05). Key work. chlildhood neoplasms, lung cancer, meta-analysis, parental smoke, passive smoke. Environ Healt Pepect 108: 73-82 (2000) . [Online 15 December 1999] htnp://ehpnetl.niehs.nih.govldocs/2000108p73-82boffra/abstract.tml Cigarette smoking has been identified as a major source of preventable morbidity and premature mortality (1) . During the last 15 years, attention has focused on the potential health effects of passive smoke (2) . Passive smoke is composed of tobacco smoke emitted from the end of a burning tobacco product (sidestream smoke) plus the smoke and the portion of inhaled (mainstream) smoke that is exhaled by the smoker. Although the compositions of mainstream smoke and passive smoke are not identical, passive smoke seems to include most of the tobacco combustion by-products, notably the carcinogens (3, 4) .
There is evidence that exposure to passive smoke causes lung cancer (2, 5) and ischemic heart disease (6, 71 . The effects of passive smoke on cancers other than lung cancer in adulthood and on nonneoplastic respiratory diseases in adults are still a matter of discussion (2, 8, 9) . There is also evidence that passive smoke is harmful for children. In particular, passive smoke exposure is causally associated with lower respiratory tract infections, fluid in the middle ear, symptoms of upper respiratory tract irritation, some reduction in lung function, additional episodes and increased severity of symptoms in children with asthma, and the occurrence of asthma in previously asymptomatic children (8) .
The potential carcinogenic effect of passive smoke on children has not been clarified. Paternal smoking may cause mutations in the spermatogonia (10) . Smoking by either parent may affect the developing fetus transplacentally or, subsequently, the developing child. Studies in animals suggest that some effects of exposure in early life may not be apparent until adult life (11) . Our meta-analysis reviews epidemiologic studies of exposure to passive smoke from the parents and the subsequent development of childhood neoplasms and lung cancer. We selected childhood neoplasms because of the biologic plausibility from experimental studies of a carcinogenic effect of passive smoke, and we selected lung cancer because it is the adult neoplasm for which the evidence of a causal role of passive smoke exposure is the strongest (2, 5) .
Methods
We searched the medical literature for epidemiologic studies on childhood cancer because tobacco smoking has in many studies been recorded as a potential confounder rather than the primary exposure of interest.
Our search was based on Medline (National Library of Medicine, Bethesda, MD), recent reviews (12, 13) , and reference lists from papers identified through Medline. We did not include restrictions on language or year of publication. Most studies were carried out in Western Europe and North America, where cigarettes are the most commonly used tobacco product.
There are problems distinguishing transgenerational, transplacental, and direct effects of exposure to passive smoke, i.e., between the effects of preconceptional, prenatal, and postnatal exposure to tobacco smoke. Mothers and fathers who smoke during pregnancy have usually smoked before the pregnancy and continue to smoke after the birth. Moreover, because of the concordance of smoking habits in married couples (14) , children who are exposed to maternal smoking might also be exposed to paternal smoking. However, the results in most studies have been reported on ever paternal and maternal smoking or on smoking during the index pregnancy. We combined these sources of exposure and based our metaanalysis mainly on these results. Whenever possible, however, we separated the effect of preconceptional smoking and of smoking after the index birth.
We also reviewed the studies of lung cancer among nonsmokers, in which the effect of childhood exposure to passive smoke has been addressed. In most of these studies, no distinction is made between preconceptional, transplacental, and direct smoke exposure. In several studies, on the other hand, a distinction is made between exposure to passive smoke from the mother and the father and, in some cases, other adults.
From the available studies, we extracted the characteristics of the study design and the results on risk from any exposure to maternal or paternal smoking during pregnancy, as well as quantitative results, expressed as the number of cigarettes per day smoked by the parents, which was the quantitative variable more frequently reported. For neoplasms and groups of neoplasms for which risk estimates were available from at least three different studies, we combined the relative risks (RRs) for any exposure to tobacco smoke into a meta-analysis based on a random effects model (15) . We chose the random effects approach because of the heterogeneity of results within some of the subsets of studies. When no single risk estimate was available from a study (e.g., results were only available for different subtypes of a neoplasm or for different levels of smoking), we first combined the results of each study to derive a summary risk estimate. In some cases, we derived the RR and the 95% confidence interval (CI) from the raw data reported. The meta-analysis was not weighted for quality factors; however, we conducted additional analyses after excluding studies with possible methodologic deficiencies (e.g., low response rate). We tested for the presence of publication bias by looking at the regression of the logarithm of the RR against the inverse of its variance. If no publication bias is present, the RR of each study is independent from its statistical power, and the slope of the regression is zero (16) . We used ad hoc SAS programs (SAS Institute, Inc., Cary, NC) developed by the authors for this analysis.
Results

Childhood Cancer
Ever exposure to maternal tobacco smoke or exposure during pregnancy. Four cohort studies have been published on cancer risks in the children of mothers who smoked during pregnancy (Table 1) . Neutel and Buck (17) reported the results of a prospective study of the relationship between smoking in pregnancy and cancer in 89,302 newborns from Ontario, Canada, England, and Wales. For cancer of all sites, the children of smokers had an RR of 1.3 (CI, 0.8-2.2). This weak excess was accounted for by leukemia (RR 1.8) and by solid tumors of sites other than the nervous system (RR 1.5). No evidence was present for a dose-response relationship with the amount of maternal smoking.
A signiflcant positive association was found in a study based on 16, 193 infants born in Great Britain during 1 week in 1970 (18) . Thirty-three of these children developed cancer by 10 years of age; 9 of them had leukemia. The RR associated with the mother smoking 2 5 cigarettes/day throughout the pregnancy, as compared to not smoking or to smoking < 5 cigarettes/day, was 2.5 (CI, 1.2-5.1).
In the largest cohort study, from Sweden, there was no increase in the overall (20) . Case-control studies are summarized in Table 2 (all neoplasms), Table 3 (lymphatic and hematopoietic neoplasms), Table 4 (nervous system tumors), and After adjustment for paternal education, maternal smoking during the first trimester of pregnancy was associated with an increased risk for all cancers combined, ALL, and lymphomas. In a further large study from the United Kingdom (27) , however, no strong evidence was provided for a trend with increasing duration of smoking was provided.
No strong association was found between maternal smoking during pregnancy and overall childhood cancer in the remaining case-control studies (21, 22, 24, 26) (Table 2 ). McKinney and Stiller (22) reported the The meta-analysis of the 12 studies that provided an RR for maternal smoke and overall cancer risk resulted in a summary RR of 1.10 (CI, 1.03-1.19). There were no discrepancies among the results of the four cohort studies (RR 1.15; CI, 0.77-1.72) and those of the eight case-control studies (RR 1.10; CI, 1.04-1.17). There was no evidence of publication bias (p = 0.69).
With respect to lymphatic and hematopoietic neoplasms, except in the studies by Stjernfeldt et al. (23) and John et al. (25) , no strong association was found in any study for leukemia or for leukemia and non-Hodgkin lymphoma (NHL) combined (Table 3 ). In a large UK study, we found no evidence of a trend in risk of lymphoma or leukemia with increasing maternal smoking (27) . Among the studies that looked at specific neoplasms, an Italian study (30) (21, 28) , whereas studies with a small number of cases were consistently positive (23, 25, 30) , leaving open the possibility that small null or negative studies have not been reported (Table 3) .
No clear association between maternal smoking during pregnancy and tumors of (27) . When specific tumors of the CNS were considered, a positive association with neuroblastoma was found in an American study (39) , whereas two other neuroblastoma studies did not confirm this finding (28, 35) . The meta-analysis of these three studies yielded an RR of 1.25 (CI, 0.78-2.00). The only available study of retinoblastoma found a nonsignificant increase in risk from maternal smoking for the heritable form but not for the nonheritable form (36) .
No association between Ewing sarcoma and maternal smoking during pregnancy was suggested in the two fully reported studies in which this neoplasm was assessed (49, 50) (Table 5) . However, in a study reported only in abstract form (53), a positive association was found for smoking of both parents.
There was no association between maternal smoking during pregnancy and either kidney cancer or Wilms tumor (21-23,27,28,51), hepatoblastoma (46), bone cancer (27, 28) , rhabdomyosarcoma (47, 48) , or soft-tissue sarcomas in general (25, 47) (Table 5 Exposure to maternal tobacco smoke before pregnancy. Three studies of brain neoplasms reported results separately for maternal smoking before and during the index pregnancy (25, 44, 45) . The Exposure to maternal tobacco smoke after pregnancy. No risk estimates were reported on the risk of childhood cancer from exposure to maternal smoke after birth as distinguished from in utero or preconceptional exposure. Several of the studies reviewed in "Ever Exposure to Maternal Tobacco Smoke or Exposure during Pregnancy" assessed ever smoking status of the mother, which likely includes mothers smoking before, during, and after the index pregnancy. However, these studies are not relevant to assess the effect of passive smoke exposure during pregnancy for that of transplacental exposure to tobacco components and metabolites.
Maternal exposure to spousal passive smoking. The risk of brain cancer in nonsmoking mothers exposed to the smoke of their husbands was investigated in one study in Italy (43) . The RR for any exposure during pregnancy was 1.9 (CI, 1.0-3.7); when duration of exposure was considered, a trend in risk was suggested: the RR for 1-2 hr/day was 1.6 (CI, 0.8-3.6), the RR for 2 3 hr/day was 2.1 (CI, 1.0-4.4).
Exposure to paternal tobacco smoke. The cancer risk in children after exposure to tobacco smoke from their father has been addressed in fewer studies than exposure from their mother. These studies are summarized in Table 6 .
In an early study, Stewart and colleagues (55) found that only a slightly higher proportion of fathers of children with childhood cancer of any type were smokers as compared to fathers of control children (no detailed results provided). A recent study (27) .
In this study, a trend in risk was suggested for ALL, lymphomas, and brain cancers. In the study by John et al. (25) , 105 children were exposed to paternal smoking only. Weak associations with paternal smoking before birth in the absence of maternal smoking were found for all cancers combined, ALL, lymphomas, and brain tumors. A strong association (RR, adjusted for socioeconomic status, 6.7; CI, 1.0-43) between NHL and paternal smoking before the child's birth, without dose-response relation, was found in an Italian study (30) . A positive association between rhabdomyosarcoma and the father ever having smoked cigarettes was reported in a small study in North Carolina (54) . However, a larger case-control study did not confirm these results; the cases comprised 322 children with rhabdomyosarcoma; the study showed RRs of 1.0 (CI, 0.7-1.4), 1.0 (CI, 0.7-1.4), and 0.9 (CI, 0.7-1.3) for paternal smoking during the year preceding or at the time of the index child's diagnosis, after the child's birth, and at the time of diagnosis, respectively (48, 56) . In a study of retinoblastoma, a nonsignificant association was found for the heritable form but not for the nonheritable form, a pattern similar to that found for maternal smoke (36) .
In a large and carefully conducted study from China, an increased risk was found for lymphomas (OR 4.0; CI, 1.3-13), with a trend suggested for the average amount of smoking, the duration of smoking, and the cumulative consumption [ORs 2.8 (CI, 0.-13), 1.3 (CI, 0.3-5.5), and 5.7 (CI, 1.3-26) for 1-5, 6-10, and > 10 pack-years) (57 Results have been reported for exposure to paternal smoke before and after the index pregnancy for only one study (57) . A significant dose response was found among packyears of cigarettes smoked before conception and risk of all childhood cancers, acute leukemia, and ALL, whereas a nonsignificantly increasing trend was found for AnLL, lymphomas, and brain tumors. The analysis of pack-years smoked by the father after the index birth was not associated with the risk of all childhood cancers, acute leukemia, AnLL, or brain tumors, but a nonsignificantly increasing trend was present for ALL and lymphomas.
Modification of the effect ofparental smoking by age at diagnosis. It is possible that preconceptional or in utero exposure to tobacco smoking exerts a stronger carcinogenic effect during the first years of life of the children, after which postnatal environmental exposures might become more relevant. The available studies, however, offer only limited evidence in favor of or against this hypothesis. The studies restricted to children younger than 5 years of age (19, 32, 41) are not more supportive of an association between maternal or paternal smoking and childhood cancer than other studies. A study of neuroblastoma was restricted to children younger than 9 years of age at diagnosis: a separate analysis of the cases diagnosed during the first year of life resulted in a lower risk estimate than in the entire series of cases (39) . However, cancer controls (mainly leukemia cases) were used in this study. In a large study of paternal smoking from China, an analysis by age at diagnosis was presented for all neoplasms combined (57) . The risk estimates were higher for various indicators of paternal smoking among cases and controls younger than 5 years of age than among older children. Furthermore, a study of leukemia among children younger than 18 months of age reported an association with paternal but not with maternal smoke (33) .
Lung Cancer
Eleven studies of nonsmokers have reported results on lung cancer after childhood passive smoke exposure (Table 7) . A nonsignificantly increased risk for ever childhood exposure was reported in a study from Hong Kong (58), two studies from the United States (61, 64) , and among women in a further U.S. study (66) . The meta-analysis of the results, based on 10 studies, provides a summary risk estimate of 0.91 (CI, 0.80-1.05). A few studies provided results separately for exposure to passive smoke from the mother and the father (Table 7) : the summary risk estimates were 0.83 (CI, 0.72-0.95) for Table 7 . In two American studies, risk estimates increased with increasing estimated exposure (61, 64) , whereas the remaining studies did not provide evidence of a positive dose-response relationship (63, . No difference in risk according to histologic type of lung cancer was reported in the two largest studies (65,64. 
Discussion
The available evidence indicates that the association between exposure to tobacco smoke and cancer in children, if any, is likely to be weak. The results of the meta-analyses suggested an increased risk of approximately 10% after exposure to maternal smoke. However, despite the fact that the results of some of the meta-analyses are statistically significant, several arguments caution against the conclusion that a causal association has been established.
The increase in risk is small and is not clearly concentrated in any specific neoplasm: The only neoplasm for which the result of the meta-analysis on exposure to maternal smoke is significant is leukemia, although this may be due to the greater size of the studies involved.
An increase of this magnitude can be easily explained by bias and confounding. Selection bias is unlikely to represent a major problem because, although not all the available studies were population based, there was no obvious cluster of positive results among cohort studies, hospital-based case-control studies, or population-based case-control studies. Publication or reporting bias is a form of selection bias that might affect metaanalyses. The test we used to assess the presence of publication bias (16) is not powerful when the meta-analysis is based on relatively few studies, as in the case of neuroblastoma and exposure to maternal smoke or NHL and paternal smoke. However, with the exception of studies of risk of lymphoma from maternal smoking, we found no strong evidence of publication bias. As an example, Figure 1 shows the logarithms of the RRs and the weights ( (70) .
Confounding factors, i.e., exposures that related to tobacco smoke exposure and are also independent risk factors for childhood cancer, may be responsible for the overall increased risk. Factors that have been associated with childhood cancers include drugs and chemicals (35) , parental occupational exposures (71) (72) (73) , prenatal exposure to ionizing radiation (74) , diet (75) , and socioeconomic status (76) . With the exception of social class, these factors were not taken into account in most of the available studies on parental smoke (Tables 1-6 ). It is not possible to determine whether this had any (77) . Involuntary smoking is accompanied by exposure to many of the toxic agents generated by tobacco combustion, and the intake of tobacco smoke components-including carcinogens and mutagens-by children has been confirmed in biochemical studies of cigarette smoke during both gestation and childhood (78) (79) (80) . Although the conventional assay of cytogenetic abnormalities, such as chromosome aberrations and sisterchromatid exchanges, are unable to detect the low exposures of transplacentally exposed newborn children (81) , activation of procarcinogens in human fetal and placental tissues has been shown (82), as has smoke-induced damage to DNA in human placenta (83, 84) .
Transplacental exposures to carcinogens can cause cancer in humans, as shown by the occurrence of vaginal clear-cell adenocarcinoma in women whose mothers received diethylstilbestrol during pregnancy (85) . Animals appear to be especially susceptible to the carcinogenic effects of some of the chemicals found in tobacco smoke when exposure is transplacental (86) . Moreover, the exposure of rodents to chemical carcinogens during pregnancy may result not only in a high incidence of tumors in progeny of the first generation, but also in an increased tumor incidence in those of subsequent generations (87) .
The comparison of the results of the meta-analyses conducted on exposure to maternal and paternal smoke is problematic. The evidence for maternal smoke points to a possible weak effect on lymphatic and hematopoietic organs. This possible weak effect is confirmed by the results on paternal smoke, despite the lack of statistical significance of hematopoietic effects. We found evidence of little or no effect of maternal smoke on kidney and CNS tumors, although the results on paternal smoke suggest an effect on NHL and CNS tumors. This difference in target organs, which must be confirmed, might be related to the different mechanism of action of carcinogens in maternal smoke (direct transplacental effects) and in paternal smoke (mainly via preconceptional alterations). The available evidence is inadequate to dearly distinguish among an effect of preconceptional exposure to maternal smoke, in utero exposure, and postnatal smoke exposure. Two large studies from the United Kingdom and China, however, suggest that the father's preconceptional smoking can contribute to the risk of some neoplasms in offspring (27, 57) .
Available evidence on the risk of lung cancer in adulthood after childhood passive smoke exposure points to the absence of an increase in risk. The presence of a few positive studies, some of which also reported a positive dose-response relationship, however, suggests caution in concluding that passive smoke exposure in childhood is not related to subsequent risk of lung cancer.
The harmful effects of active smoking during pregnancy (88), as well as the consequences of passive smoke exposure on children's respiratory health (8) , are well established. Apart from lung cancer (5, 8) and ischemic heart disease (6,7), the other potential health consequences of tobacco smoke exposure have been less extensively investigated. Overall, there is a suggestion of a weak association between exposure to tobacco smoke from the parents, and the father in particular, and childhood cancer. Bias and confounding, however, cannot be ruled out at this stage. Further studies are needed to overcome the practical difficulties of identifying adequate numbers of cases for these rare diseases and the possible limitations of the available epidemiologic investigations.
